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ABSTRACT 

A noble metal catalytic reactor wa« tested with 
three f.raden oi SRC 11 coal“derived liquids, naphtha, 
middle distillate, and a blend ot three parts middle 
distillate to one part heavy distillate. A pctru“ 
leuurde rived number 2 diesel fuel was also tested to 
provide a direct comparison. The catalytic reactor 
was tested at inlet temperatures from 600 to 8UU K, 
reference velocitios from HJ to 20 m/s, lean fuel “air 

C 

ratios, and a pressure of ixlU^ Fa. Compared to the 
diesel, the naphtha gave slightly better combustion 
efficiency, tlie middle distillate was almost identi- 
cal, and the middle“heavy blend was slightly poorer. 
The coal“derived liquid fuels contained from 0,^8 to 
0 . X nitrogen by weight. Conversion of fuel nitro- 
gen to NOj^ was approx imately 7 5 X lor all three 
grades of the coal -derived liquids. 

INTFODUCTION 

An experimental study was conducted to demon- 
strate catalytic combustion ot coal“derived liquids 
obtained 1 rom the SRC 1! process and also to deter- 
mine some ot the potential problems associated with 
tuel preparation and catalytic combustion ot the 
fuels. Petroleum-derived diesel tuel was also tested 
to provide a direct comparison of reactor perfonnance 
with the coal -derived fuels. 

Lewis Research Center is currently evaluating 
C'ita lytic combustion as part of the Critical Research 
snd Advanced Technology Support Project sponsored by 
the DOE Office of Fossil Energy, Division ot Coal 
Utilization. One of the objectives of this program 
IS to develop c'mibuator concepts for stationary gas 


turbines which will fire coal-derived liquid fuels in 
an environmentally acceptable manner. Coal-deri ved 
fuels typically contain high levels of nitrogen which 
are readily converted to NO^ during the combustion 
process. Coal -do rived tuels have been tested in boil- 
ers (refs. I and 2) and gas turbine burneu (ref. 3). 
Catalytic combustion of two coal -derived liquids, SRC 
II anu H-Coal, is reported in reference A. Catalytic 
combustion has demonstrated extremely low levels of 
thenual NOj^ operation (rets. 5 and 6); however, it has 
also shown high conversions ot fuel bourd nitrogen to 
NO^. Reference A reported essentially 100 X conver- 
sion of fuel bound nitrogen to NOjj for lean fuel -air 
ratios. Additional tests were needed to help deter- 
mine if catalytic combustion oft era potential benefits 
for the combustion of coal-derived liquids. 

A noble metal catalytic reactor was tested at in- 
let temperatures up to 800 K, reference velocities 
from 10 to 20 m/s, and a pressure of JxlO^ Pa, Three 
grades of SRC II coal -derived liquids, naphtha, mid- 
dle distillate, and a mid-heavy distillate blend, 
along with petroleum-based number 2 diesel fuel were 
tested. Perlormance and emissions of CO, CO 2 , NOj^ , 
and unburned hydrocarbons were measured. 

EXPERIMENTAL DETAILS 



The test rig is shown in Fig. 1. It was fabri- 
cated from 15.2-cm ( 6-i n.-nomi nal - ) diameter stain- 
less steel pipe. Carborundum T30R tiberfrax tube 
insulation with a l2-cm inside diameter was inserted 
inside the pipe to minimise heat losses. A U. l6-cm 
thick stainless-steel liner was inserted inside the 
insulation upstream and downstream of ttie catalytic 
reactor to prevent erosion of the insulation. 

The inlet air was indirectly preheated and tem- 
peratures were measured at a plane just upstream of 
the fuel injector with an array of 12 Chromel-AIumel 
theiTOocouples mounted in a flange. Test section in- 
let pressure was measured at a tap located in the 
flange containing the inlet thermocouples. Pressure 
was controlled by a back pressure val”e. The airflow 



•nterint th« (••t rig was naatarad by a atandard ASM 
orifica. Fuai flowrataa vara vaaturod aaigg linaar 
vata floMMtara. 

TWO tygaa of aullipla point fual injactora vara 
uiad. Tha firat vaa an airblaat typa vhila tha aaa* 
ond vaa an air-aaaiat typa* A sodula of tha haa* 
agonal tuba airblaat fual injactor ia ahown in Fig* 
2(a). Nintaan vodulaa vara valdad togathar to coar 
priaa tha covplata fual injactor* Fual vaa injactad 
through a 0.07-^cai inaida diavatar tuba pointing dovn* 
atraaai in tha cantor of tha avallaat croaa-aaetional 
araa of aach nodula to provida good atoviaation and 
oixiig(. All fual tubaa vara tha aaav lai^th, 2!**A 
CM, to provida aqual flovrataa to aach vodula* It 
vaa found tha coal*darivad liquids chovad a tandancy 
to plug tha fual tubaa at alavatad inlat air taapara* 
turaa. Aa illuatratad in Fig* 2(a), aach fual tuba 
vaa aurtoundad by anothar tuba to fona a concantric 
tuba arrangeoant* Air flovad through tha 0*028-^v 
annulua to cool tha fual vhich pravantad plugging of 
tha fual tubaa. All tasting vaa parfonaad vith cool- 
ing air flowing through tha annulua* A vodula of tha 
air**aaaiat fual iujactor ia illuatratad in Fig. 

2(b)* Fual vaa injactad dovnatraan through tha can- 
ter, 0*024 cm inaida diaaiatar, tuba. Air flovad 
through the outer ring of four, 0*051 -cm inaida diam* 
etar, tubaa to assist in atomisation and miairig of 
the fual* It also provided cooling of tha fual 
tubes* Nineteen aK>dulaa vara used for tha fual in- 
jector* It was constructed such that tha air-aaaiat 
module arrangement vaa tha same aa tha hexagonal tuba 
module arranganant* Tha hexagonal tuba modules, 
which made up the hexagonal tuba fual injo^tor, vara 
placed itonediataly upstream of tha air-assist fuel 
injector to straighten the inlet velocity profile* A 
photograph of tha air-aasist fual injactor ia shown 
in Fig. 3. 

The premixing tone length of 3U.6 cm vaa used 
for all fuels and fual injectors* A single Chromel- 
Alumel thermocouple vaa used to detect any bur>:iing in 
the premixing lone. None vaa observed for these 
teats* The pressure drop across the fuel injector 
was measured with a differential pressure transducer 
connected between the inlet pressure tap and one lo- 
cated at the premixing region thaimocoupla atation* 

3wo catalytic reactora ware used for this study* 
The first was a uniform cell type while tha aacond 
was a graded cell type* Both consiatad of eight ele- 
ments, 12 cm in diameter and 2*54 cm long, aaparatad 
by a 0. 3l-cm gap containing at least one thaimo- 
couple. The last two elements ware not aaparatad* 
Thia arrangement is shown in Fig* I* The reactor 
elei^tents for both reactors are described in Table 1* 
The ;>res8ure drop acroaa the catalytic reactor waa 
meapvired with a differential preaaura transducer con- 
necl:ed between a tap at the premixing cone thermo- 
couple station and one located in the flange at the 
firat row of thermocouplaa dotmatream of tha cat- 
alytic reactor* 

At a distance 1 7* 2 cm downstream of tha cataly- 
tic reactor, a single point vatar-coolad gaa sampling 
probe, 0*6 cm inside diameter sampling paatage, vaa 
used to withdraw aamplaa for emiaaions maasuramant a. 
Temperatures were also meaaured downatraam of tha 
reactor at the axial locations shown in Fig. I* Tha 
gas sample line waa electrically heated to keep un- 
burned hydrocarbons from condensing* Concentrations 
of CO and CO;^ were measured with nondi spars iva in- 
frared analyser a, u;^burned hydrocarbons with a flame 
ionisition detector, and nitrogen ox.des (total NO ♦ 
NO^) with a chemi luminescent analyser. 


NlASUgMNTS AND OOfllUTATir HI 


valocity vgg computad from tha 
maaauiad mais flov rata, tha avaraga inlat air tam- 
paratura, tha duet croaa-tactiooal araa, and tha 
taat-aaction inlat piaaaura* 

I»U*ion lwt*» 

Imiaaiona vara maaauraJ aa eoncantrationa in ppm 
by volume, eoriactad for vater of combuation, and 
convortad to amiation indieaa using tha axpresaions 
in rafaranca 7* 


(Sombuetion Kfficiancy 

(Combustion afficiancy waa ealculatad from the 
following oxpraaaions 


IFF • 100-0*1 - N.I.mc ro) 


- 0.1 


•hc,!:q' 


HV, 


00 


Fual 


<••*•(50 “ “•*• 00 , 


vhara 

IFF combuation afficiancy, X 

I*l*X amiation index of apaeia X, g X/kg fual 

HVg lover haatii^ value of X, d/kg 

Bqul librium eoncantrationa <B.I*x^Sq) vara obtained 
from the computer program of rofafaMe I* 

Fuel-Air Ratio 

Tha fual-air ratio vaa dataiminad both from the 
matarad fual flov and airflow rataa and by making a 
carbon balance from tha measured concentrations of 
CO, (X> 2 , and unburnad hydrocarbons* Tha two values 
generally agreed within ♦IS X* Tha adiabatic reac- 
tion tamparatura vaa computed from tha computer pro- 
gram of rafaranca 6 using the carbon balance fuel-air 
ratio* Tha carbon balance fual-air ratio had the 
advantage that it vaa tha local fual-air ratio at 
vhich tha amiaaiona data vara obtained* It also in- 
cluded tha amall amount of air (laaa than 3 X of the 
total airflow) uaad for cooling the fuel tubes* 

RESULTS AND DISCUSSION 

Three gradaa of SRC II coal-darivad liquids and 
patrolaum-darivad number 2 diaaal fual vara tatted* 
Tha propart tea of tha fuels are listed in Table ll* 

As illuatratad by tha distillation curve values, the 
naphtha waa the lightaat grada taatad and the mid- 
heavy bland (a bland of 2*9 to I of middle to heavy 
distil lata) vaa tha heaviaat* Fual nitrogen content 
of tha coal-darivad fuels ranged from 0*56 X for the 
naphtha to 0*95 X by weight for tha mid-haavy bland. 
Hydrogen content varied from 12*09 X for the naphtha 
to 6*6 X by %raight for tha mid-haavy bland* Typical 
number 2 diesel fual properties are listed for com- 
parison* Tha tasting saquanca, along with the fuel 
injactor and reactor uaad, ia liatad in Table III. 

All data pro sent ad vara taken with tha graded call 
reactor of Table Kb) bocauaa problems developed with 
tha uniform call reactor, which will be discussed 
later* 

Ciombuation Efficiency 

Combuation afficiancy for all fuels is presented 
in Fig* 4* Combustion afficiancy at an i.ilet teroper- 
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Ature uf ()00 K ii pre tented in Fig. 4 (m), The ntph-* 
ihn gtve the bett etficiency. Hun tt tnd run C gtv« 
slightly poorer cowbuttion etticiency than run A with 
dietel fuel* At shown in Table II I » a different fuel 
injector was used for run H and run C than run A, 
because the air^assist fuel injector was damaged 
while being used for another program. The preiaixing 
aone was long enough so that the dieted fuel sliould 
lirtve been essentially completely vaporized at the 
reactor inlet for both fuel injectors (ref. 9); 
therefore there should have been no effect of fuel 
injector type. 

Tlie differeiKe could have been due to changes in 
catalyst activity^ caused by testing the mid-heavy 
blend at an inlet temperature of bUO K. The first 
catalytic reactor element plugged when it was opera- 
ted at an inlet temperature below b50 K. After the 
reactor plugged^ the first and third catalytic ele- 
ments were re pi act'd with elements which were identi- 
cal tot he o 1 1 g i na I el erne nt s . Any d epos its which 
might have remained on the original elements could 
h-ive caused the slight decline in combustion effi- 
ciency for run B and run C with diesel fuel, since 
both run B and run C were teuted after the mid-heavy 
blend* Run B and run C with diesel fuel were identi- 
cal in perfottnance, indicating no loss of activity 
had occtirred after approximately 8 hours of testing 
with the middle distillate fuel. The combustion ef- 
ficiency of the middle distillate und the run B and 
niu i' with diesc^l fuel were almost identical. 

Kig, 4(b) presents combust ion etficieiicy at an 
inlet temperature ot 7UU K, The naphtha gave the 
be 8 1 e f f i c i e nc y while t he m i d- he a vy hie nd gave some- 
what poorer efficiency than the other tuels. As pre- 
viously discussed, a different fuel injector was used 
tor the middle distillate fuel and the catalytic re- 
act i>t could also have degraded slightly alter being 
r u n o n i he mid - he a vy b 1 e nd . The re f o re , t he re suits 

0 1 t he diesel ( run A ) and t he m i dd le distill ate c an 
no t be d i lec i I y c ompa red in this figure. 

The effects o I inlet t emp e i a i u re a »uf i e I e re iic e 
ye I oc 1 1 y on c ombu s 1 1 on e I f i c i e nc v form idd 1 e -d i st i 1 - 
late fuel are prc'seiited in Figs* !> and 0. An in- 
civase in tlie inlet temperature t ri>m buO to 800 K 
resnlted in a K decrease in the adiabatic reaction 
temperature n*quired for a combustion efficiency of 
MV. i) X* An increase in the refeieiK.e velocity i rom 
U) to i!0 m/s at an inlet temperature of 800 K, re- 
qu i red an ad i aba t i c re ac t i on t empe ra t u re i tic re ase o t 
/‘j K to ma lilt am a ci»mbusl ion etticiency ot MM.*) 1, 

CO Emiasions 

Thi* CO emission index for all fuels tested is 
pivsented m Fig. 7, Since most of the combustion 
i ne t f t c i eiic y i s due t o CO eni i s s i ons , they s how t he 
s ame t nnid s as the c ombu s t i on e f f i c i e nc y ♦ The n ap h- 
tha gave the lowest CO emissions and the in id- heavy 
blend gave the highest. At an inlet temperature ot 
not) K, Co emissions from the run B and ruo C with 
diesel fuel and the middle distillate were almost 
identical. Run A with diesel fuel gave slightly 

1 o we r CO em i s s i on s than t he o t he t tests on d i e se I , 
ru n B and ru n C , p ro ba b I y c au sed by t e s t i ng t lie ra i tf - 
heavy blend at an inlet temperature of 600 K, as 

p re V i ou sly discussed* 

T lie effect of inlet t empe ra t u re a nd iv f e re nc e 
velocity on the CO emission index are presented in 
Figs. 8 and 9 lor the middle di;:fillate fuel. Again, 
the same ttvnds as shown for combustion efficiency 
were found* 


Unbiirited Hydrocarbona Kwiaxtow 

The imburned hydrocarbons emiaaioii index for 
all fiiela tested ta presented in Fig. 10. The aaine 
t tends with regard to fuel type as previously seen 
for CO emissions were found. The unburiunl hydrocai'*' 
bons emission index for all three nina on diescl, 
run A, run B, and run C, was essentially identical. 
The slightly better combustion efficiency of run A 
with diesel fuel, seen previously, was d'«** to lower 
CO emissions. 

The effect of inlet temperature .irai relerenc*. 
velocity on the unburAed hydrocarbons emission index 
are shown in Figs* 1 1 and 12, Little effect is evi- 
dent • 

Emissions 

The NOjj (sum of NO ♦ NO^) emission index, ex- 
pressed as g NO^/kg fuel, for all the fuela tested 
at three inlet temperatures is presented m 
Fig. 13. As expected, emissions for the coal- 
derived liquids were considerably higher than the 
diesel fuel, due to the fuel bound nitrogen. The 
NOjj emission index for the mid-heavy blend was about 
100 times the emission index for run A with diesel 
fuel. 

NOj^ emissions, expressed as ppm by volume and 
corrected to 13 t excess O 2 . ai., shown in Figs. l4 
and 13. Fig. 14 shows the effect of fuel, and 
Fig. 13 shows the effect ot inlet temperature on NO^ 
emissiuns. The niti\>gen oxides :>tatidard for new, 
modified, and reconstructed stationary gas turbines 
of U3 ppm at 13 X excess 0^ from reference fO is 
shown for comparison. The 123 ppm atandard includes 
an allowance of 3U ppm Nt' for fuels with a ntirc- 
gtMi content greater than 0.23 % by weight. The limit 
of 123 ppm is based on a gas turbine thermal effi- 
ciency of 23 X and ia adjusted upward for increased 
t he rma I e f f i c 1 enc i e s. NOj^ lUii i s s i ons for * We c o« I - 
derived liquids ranged from a low of 41 ppm for the 
naphtha to a high of 3t>4 ppni for the mid- heavy 
b I e nd • They a re also s ho wn for t he diesel fuel it iid 
were generally around 2 ppm. At an adiabatic rettc- 
t ion temperature mcessary lor a combustion effi- 
ciency of 99,3 X (from Fig. 4(a)), NOjj emission 
levels were 160 ppm tor the naphtha, 230 ppm for the 
middle distillate, and 283 ppm for the mid-heavy 
blend, as given in Fig. 14(a). All are above the new 
source standard of 123 ppm. Fig. 13 illustrates aa 
effect of reference velocity on NOj^ emissions. 

The conversion of fuel nitrogen in peivetit to 
NO,^ is presented in Figs. 16, 17, and 18. Since 
thermal NO^ emissions are negligible at the rela- 
tively I ow t empe rat u re s of catalytic c ombu s t i on 
(rets. 3 and 6), alt measured NO^ was assumed to 
originate from fuel nitrogen. The solid symbols in- 
dicate combustion efficiencies greater than 99 X. 

Fig. 16 presents the conversion in percent ot 
fuel nitrogen to NOj^ for the three cjal-de rived fuels 
at inlet temperatures of 700 auJ bOO K. Fur both in- 
let temperatures, conversion increased rapidly with 
adiabatic reaction temperature and then leveled off. 
The naphtha gave higher conversions to NO^ for a 
g i ve II ad i aba C i c reac t i on t empe ra L u re ; howe ve 1 * , c om- 
bustion efficiency was also higher for the naphtha at 
that temperature. 

The e f ( ec t of inlet t e npe 1 a t u re o ii t he c o n ve r- 
sion of fuel nitrogen to NOj^ is presented in Fig. 17 
tor the middle distillate fuel. As previously seen, 
conversion increased rapidly with adiabatic reaction 
temperature and then leveled off. For a given ad in- 



bitic reaction tMperatur«i the higHer inlet tespere^ 
cure geve e higher conversion; however, the data for 
alt three inlet teaperaturee approached a naaiaua 
conversion of about X. 

rig. IB illustrates the effect of reference 
velocity (residence tiae) on the percent conversion 
of fuel nitrogen to HO^ at an inlet teaperature of 
BOO K. Conversion approached 75 I at a reference 
velocity of 10 n/s, 60 X at 15 a/s, and abour 55 X at 
20 a^. Since lower rsfersnee velocities gave an 
increased residence tiae in the catalytic reactor, 
increasing the catalytic bed residence tiae increases 
the conversion of fuel nitrogen to N0,(. 

Pressure Prop 

The pressure drop as a percentage of the inlet 
pressure is presented in Pig. 19 for aiddle distil-- 
late fuel at reference velocities of 10, 15, and 20 
n/s. At an adiabatic reaction teaperature of 1350 K, 
the pressure drop ranged froa 1.6 X at 10 a/s to 
3.6 X at 20 n/s. This is reasonable for an applica- 
tion. 

Other Results 

Photographs of the fuel injectot and the cata- 
lytic reactor (gcaded cell reactor of Table Kb)) 
after testing the nid-heavy blend are presented in 
Pig. 20. Pigs. 20(a) and (b) show the reactor ard 
fuel injector after operating on the mid-heavy blimd 
at inlet-temperatures of 650 K. A deposit of about 

0.32 cn tbicknest was fonued on the front edges af; 
the first reactor elemnt. The fuel injector al^o 
had depoaits which were fotmed on each fuel injector 
module. Fig. 20(c) shows a portion of the first re- 
actor element after it was operated at an inlet tem- 
perature of 600 K. As pixrviously diKussed, the 
front element quickly plugged at the lower inlet 
temperature which probably was caused by the de- 
creased vaporisation of the mid-heavy blerul at 600 K. 

A ptwtograph of the uniform cell reactor, de- 
scribed in Table 1(a), is presented in Fig. 21 after 
it was operated at an inlet temperature of 600 K on 
the naphtha grade fuel* The reactor quickly plugged 
after the naphtha fuel was introduced. No further 
teats were made using the uniform cell reactor. Ref- 
erence 1 1 reported decreased wall temperatures for 
the front elements of a uniform cell reactor as op- 
posed to a graded cell type. It was found that the 
first element required a considerably longer length 
ro increase from the inlet temperature to the adia- 
batic reaction temperature for the uniform cell reac- 
tor. This is probably the cause for the plugging of 
the uniform cell reactor on the naphtha fuel while 
the graded cell reactor operated on the fuel witliout 
any problems. 

SUMMARY OF RESULTS 

This study has demonstrsted catalytic combustion 
of three grades of coal-derived liquids obtained from 
the SCR 11 process. The three grades tested were s 
naphtha, middle distillate, and a mid-heavy distil- 
late blend. Petroleum-derived diesel fuel was also 
teste^l fo provide a direct comparison of catalytic 


reactor performance with the coal-derived fuel. Com- 
pared to the diesel, the naphtha was better than the 
diesal in combustion efficiency, the middle distil- 
late was approaimately equal to, and the mid-heavy 
blend was pc»orer than the diesel. The mid-lieavy 
blend required inlet temperetures of at least 650 tC 
to prevent plugging the channels of the first cats- 
lyt ic element • 

The coal-derived fuels contained from 0. 5B to 
O.yS X of nitrogen by Might. Under the fuel le >n 
coniiilions tested, catalytic combustion, which ii esp- 
sble of producing negligible thermal NO^ emissions, 
wss an efficient converter of fuel bound nirrogen to 
NO^. Conversion levels ranged ss high as 75 X. The 
emission standard of 125 ppm NO^ at 15 X excess O 2 
could not be met with any of the coal-derived fuels 
tested. 

The catalytic re«<-rjr was operated for about 16 
hours on the synthetic fuels. White no significant 
loss of activity or poisoning of the catalyst was ap- 
parent for the conditions tested, the application of 
catalytic combustion to stationary gas turbines would 
require operation for thousaads of liours. 
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TABLE III. - RUN SEQUENCE 
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Figure 1. ■ Test section, hexagonal tube fuel injector shown. 
(Dimensions in cm. i 




(a) HEXAGONAL TUBE MODULE (ONE OF 19). 





(b) AIR -ASSIST MODULE (ONE OF 19). 

Figure 2. - Fuel injector module. (Dimensions in cm. ) 
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(a) INLET TEMPERATURE. 600 K 



(bl INLET TEMPERATURE, 700 K 


Figure 4. - Effect of fuel type on combustion |fficiency. 
Reference velocity, 10 m/sj pressure, 3xl(r Pa. 



ADIABATIC REACTION TEMPERATURE. K 

Flsuri % - Effect of Inlot timporaturt on 
combustion officloncy. MIdiHt distlllito fMl; 
roforonco volocity, 10 m/S; prossuro, 3Kl(r Pi. 
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Figure 6. - Effect of reference velocity on 
combustion efficiency. Middle distillate iuet; 
Inlet temperature 800 K; pressure. 3kUr Pa. 
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(b) INLET TEMPERATURE. 700 K 


Figure 7. - Effect of fuel type on CO emissioi^ index. 
Reference velocity. 10 m/s; pressure. BxlD' Pa. 
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Figure 10. - Effect of fuel type on ur burned hydrocarbons 
emi^ion index. Reference velocity, 10 m/s; pressure. 
3x10^ Pa. 





lani 6 i(/2on 6 •X 3 t. - M0ISSIW3 *0N 


40r 


20 


10 

8 

6 


P 


2h 






INLET 
TEMPERATURE. 
K 

600 700 800 

O 

□ 

A 
L 


Q. 

Q. ■ 
A. A 


DIESEL (RUN A) 
NAPHTHA 

MIDDLE DISTILLATE 
MID-HEAVY BLEND 


■/l50 


Q. <3k 




1200 1250 1300 1350 

ADIABATIC REACTION TEMPERATURE. K 


._J 

1400 


Figure U - NO. emission index; reference velocity. 10 m/s: 
pressure, 3x10^ Pa. 
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Figure 14. - Effect of fuel type on NO,| emissims. 
Reference velocity, 10 mA; pressure. 3xl(r Pe. 
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Figure 15. - Effect of reference velocity on NO^ 
emissions. Middle distillate fuel; inlet temperature, 
800 K: pressure. 3xl(r Pa. 



Figure 16. - Effect of fuel on conversion of fuel nitrogen 
toNOy. Reference velocity. lOmli-, pressure, 3x10^ Pa. 
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Figure 20. - fuel injector and reactor after mid-heavy blend tests. 
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Figure 21. - Uniform ce»« roector. after napntha at ttOK inlet 



